A portable hand-held pulse-train-analysis instrument uses a number-oriented microprocessor sequenced by a single component microprocessor. The incorporation of new CMOS integrated circuits makes possible complex analysis in a small, easily operated, battery-powered unit. The instrument solves an immediate problem with threshold setting of plastic scintillators and promises numerous other applications.
Introduction
The Advanced Nuclear Technology Group of the Los Alamos National Laboratory has designed, developed, and tested a hand-held pulse-train-analysis instrument. The need for such an instrument grew from working with plastic scintillators in Nuclear Safeguards. As stated in a companion paper,' the plastic scintillator system with the lowest threshold provides the best performance; however, lowering the threshold can introduce noise. The noise increases the false-alarm rate by broadening the signal count variance. By measuring the variance and comparing it to that expected for a Poisson count distribution, one can adjust the bias to the minimum without introducing the unwanted noise. Thus, the display of the difference between the standard deviation and the square root of the mean count permits the user to optimize the threshold setting. Miniaturizing the circuitry and replacing the bipolar integrated circuits with CMOS equivalents produced a small, portable, battery-powered unit. Figure shows the compact packaging. The instrument weighs 310 g and is 3.2 cm thick, 9.1 cm wide, and 14.6 cm long.
Function
The pulses from the plastic scintillator system are applied to the K-oc connector on the front panel of the analyzer (Fig. 1) . When the power is turned on, the instrument is initialized. The measurement begins with acquiring 30 count intervals of 0.50 s each. The counts per interval are stored in the external memory. On completion of the last count interval, the values listed below are calculated and displayed. (Fig. 3) Thus, the main program is a continuous cycle that is reset only by power switch operation.
READ COUNTER CALCULATE STORE I N RAM ALL UNKNOWNS
The calculate subroutine is written so that the programmer need only point to a command The flow chart in Fig. 4 shows the operation of the calculator subroutine. The basic 64 commands of the calculator microprocessor require only 6 of the 8 bits available in program memory. Therefore, the two most significant bits indicate noncalculator actions accomplished during the calculator subroutine. Such actions can be the transfer of data from external memory to the microprocessor or from The plastic scintillator program requires slightly over half of the 2k bytes of the program memory. Thus, nearly lk bytes of additional programming are available. Because each byte is equivalent to a keystroke, there is room for many more calculations with no hardware change. In one of the multiplication instruments that does an error analysis, equations with hundreds of keystroke entries are solved.2 Thus, complex data analysis previously requiring an hour or more is accomplished automatically in a few minutes. Numerous other applications for the hand-held pulse-train-analysis instrument will stem from its easily used programming capacity.
